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Abstract: A new palladium-free activation technology for ABS plastic electroless copper plating is proposed. The plastic
substrate is pretreated, and then placed in an activating solution prepared by mixing copper sulfate and sodium
hypophosphite for 30 minutes. The plastic substrate is dried to form an activation layer at the surface, which is then
uniformly scanned with a laser to allow the hypophosphite ions to be reduced into catalytically active copper particles.
The effects of the formation of the activating solution and the laser parameters on the activation are studied. The
parameters are optimized by using the orthogonal test. The microstructure of the coating is observed by scanning
electron microscope. The energy spectrum of the substrate after laser activation is analyzed. Impact test is processed for
coating binding detection. The results show that when the concentrations of copper sulphate and sodium hypophosphite
are 10g/L and 30g/L respectively, and the laser spot diameter is 2mm and the scanning rate is 2.2mm/s, the coating
completely covers the substrate and the surface of the substrate is uniformly coated with copper particles, showing
compact microstructure and good binding.
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With the wide application of engineering plastics, various application environments have put forward various
requirements for their surface properties, for example, surface metallization modification of plastics is required.
Electroless plating is one of the most common methods for metallization of plastic surfaces, but since plastics do not
have catalytic activity, they must be activated prior to electroless plating [1-4].
The engineering plastic surface is not used for electroless nickel plating, but it can also be used for electroless
copper plating. Liu et al[5] directly reduced nickel ions to the surface of plastic substrate with sodium borohydride
(NaBH4) to activate it; Wang Mingqi et al[6] used a chitosan-based hydrogel as a hydrophilic matrix of plastic matrix,
through the surface Chemically adsorbed nickel core to prepare catalytic active center; Huang Jie et al[7] used
potassium borohydride (KBH4) to reduce nickel ions in colloidal nickel salt to metal nickel as activation center to
achieve acrylonitrile butadiene styrene (ABS) ) The plastic surface is free of electroless nickel plating. The above
method or activation process is complicated, which is not conducive to industrial production, or potassium borohydride
as a reducing agent, which has poor operability and causes certain environmental pollution. Therefore, modern laser
induced metal deposition technology assists precious metal activation method as a current research hotspot. Ping Yuqing
et al [8] used a polyurethane-based (PUR) slurry doped with copper-based metal composite powder as the substrate, and
used a fiber laser to etch and modify the surface of PUR to achieve the purpose of activation, but the process was
complicated. The cost of material molding is high; FORMANEK et al.[9] deposits an Ag film on the surface of the
polymer, and precipitates Ag+ as Ag particles by laser irradiation, thereby activating the matrix, but the use of precious
metal is expensive to activate, and it is difficult to achieve industrial production.
Copyright © 2018 Dongling Xiong .
doi: 10.18086/jcra.v1i1.
This is an open-access article distributed under the terms of the Creative CommonsAttribution Unported License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
2 | Dongling Xiong. Journal of Chemical Research and Application
In this paper, a new laser-free activation process is proposed. The thermal effect of the laser[10] is used to excite the
reaction between the hypophosphorous ion and the copper ion adsorbed on the surface of the plastic substrate to form
catalytic copper particles, thereby realizing electroless copper plating. Using this process, copper was successfully
plated on the surface of ABS plastic, and the activation parameters were optimized by orthogonal test, and
the bondability of the coating was examined. The microstructure of the surface of each substrate was characterized and
the principle of laser activation was verified by energy spectrum analysis.
1. Experimental part
1.1 Experimental materials and instruments
The base is made of black acrylonitrile-butadiene-styrene (ABS) plastic sheet produced by Shanghai Jinhu Rili
Plastic Co., Ltd. The main chemicals are sodium carbonate (Na2CO3), sodium phosphate (Na3PO4), sodium hydroxide
(NaOH), sulfuric acid (H2SO4), manganese dioxide (MnO2), phosphoric acid (H3PO4), copper sulfate (CuSO4), sodium
hypophosphite ( NaH2PO2), formaldehyde (HCHO), sodium potassium tartrate (C4O6H4KNa), the drugs used were of
analytical grade. Other sensitizers, surfactants, stabilizers, distilled water, and the like are also used.
DK-8-KZ laser engraving machine, power 1000mW Shenzhen Baoliwang Trading Co., Ltd.; OCA 15 EC video
optical contact angle measuring instrument, Beijing Dongfang Defei Instrument Co., Ltd.; UItra55 high resolution cold
field emission scanning microscope analysis system , Carl zeiss NTS Gm b H, Germany.
1.2 Experimental program
1.2.1 Plastic pretreatment
Before pre-activation, each step is washed with distilled water, the specific process is as follows.
Degreasing 30g/L sodium carbonate, 20g/L sodium phosphate, 20g/L sodium hydroxide, heated in a 60°C
water bath for 8-10 minutes.
pickling 80mL / L sulfuric acid, room temperature, time Smin e
Roughening 50 g/L of manganese dioxide, the volume ratio of phosphoric acid to sulfuric acid is 1.5:1, water bath
60 ° C, time 25 min. After roughening, the substrate was washed with an ultrasonic cleaner for Smin and dried at room
temperature.
Sensitization The substrate was placed in a sensitizer solution at room temperature for 20 minutes. After
sensitization, it was washed with distilled water and dried at room temperature.
Preactivation The substrate was immersed in the activation solution for 30 min and dried at room temperature.
1.2.2 Laser activation
Through the motion control of the laser engraving machine, the surface of the plastic substrate is uniformly
scanned. In the absence of a catalyst, the laser thermal effect is used to provide the activation energy required for the
reduction of copper ions by the hypophosphite ion, and the reaction is progressed to activate the matrix. The system
diagram is shown in FIG.
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Figure 3 Schematic diagram of the laser activation system
The orthogonal test was used to optimize the parameters. The plating coverage is evaluated as an evaluation index
of the activation effect, and the plating coverage is calculated as the formula (1).
Where, Xi is the coverage, %; n1 is the laser activation area, mm2; n2 is the coating coverage area, mm2.
The main factors affecting coating coverage are activation liquid ratio, laser spot size, and scanning rate. Taking
these three factors as variables, each variable selects 3 levels, and other factors remain unchanged; the laser power is
1 000 mW, the orthogonal test design table is L9 (34), and the horizontal factors are shown in Table 1.
Table 1 Orthogonal test level factors
In order to ensure sufficient reduction of copper ions, the concentration of sodium hypophosphite is selected to be
2 to 4 times that of copper sulfate, and the concentration of copper sulfate is 10 g/L. Since the laser energy is
concentrated, it is easy to damage the surface of the substrate. Therefore, under the premise of not destroying the
surface of the substrate, the spot diameter is selected to be 2 to 4 mm, and the scanning rate is selected to be 1.4 to 2.2
mm/s. Three experiments were performed in each group, and the coverage rate was taken as three experimental
averages.
1.3 Electroless copper plating
After activation of the substrate, it was washed with an ultrasonic cleaner for 5 min, and then electroless plating
was carried out. The electroless plating formulation is shown in Table 2. The plating solution has a pH of 12 and is
plated at room temperature for 30 minutes.
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Table 2 Electroless copper plating formula
1.4 Binding detection
The West German Plastics Electroplating Workers Association proposed to use high and low temperature impact
method to detect the bonding performance of plastic metal plating [11]. The specific method is as follows: the plated
parts are placed in a high temperature hot water of 80 ° C for 1 h, and immediately after being taken out, placed at 5 °C.
Dipping in a low temperature water bath for 30 s, repeated 3 times, such as no blistering, peeling, wrinkling and other
defects of the coating is considered qualified.
2. Results and discussion
2.1 Base surface contact angle
The surface contact angle of the substrate was tested under different roughening times, and the results are shown in
Fig. 4. It can be seen from Fig. 4 that the contact angle decreases rapidly when the roughening time is less than 5
min, because the hydrophobic group on the surface of the substrate is oxidized, and the hydrophilic group is exposed[l2]
after roughening for 5 min, the contact angle The trend of change slows down. At this time, the hydrophilic group on the
surface of the substrate begins to be oxidized. When the surface is roughed for 25 minutes, the contact angle of the
surface of the substrate reaches a minimum of 41.400. The hydrophilic group on the surface of the substrate reaches the
maximum value, and the contact angle begins to increase. Big. Therefore, the roughening time was determined to be 25
min.
Figure 4 Effect of roughening time on the contact angle of the substrate surface
2.2 Analysis of orthogonal test results
The results of the orthogonal test are shown in Table 3. It can be seen from Table 3 that the range R of each factor
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is ranked from RC > RB > RA, so the most significant factor affecting the coverage is C.
The effect curve corresponding to each factor effect value is shown in Fig. 5.
Table 3 orthogonal test results
Figure 5 effect curve
For factor A, the K values of level 2 and level 3 are larger, and if they are close to each other, A2 and A3 are
selected as the superior level of factor A. For factors B and C, the level effect values vary greatly, so the level with the
largest effect value is the optimal level, ie B1C3. Therefore, by analyzing the orthogonal test results, two optimal
processes A2B 1 C3 and A3 B1 C3 are obtained.
Three sets of experiments were performed on the process A2 B1 C3, and the coverage was 100%. Therefore, from
the viewpoint of saving raw materials, the final optimum process is A2 B1 C3, that is, the ratio of the activation liquid is
ρ(CuSO4): ρ(NaH2PO2)=1:3, the spot diameter is 2 mm, and the scanning rate is 2.2 mm/s.
2.3 SEM topography of the substrate surface before plating
The SEM morphology before and after roughening of the substrate surface is compared, as shown in Fig. 6. It
can be seen from Fig. 6(a) that before the substrate is roughened, many micropores having a diameter of about 0.2 μm
are generated on the surface due to the production process. After roughening, the diameter and number of the
micropores are significantly increased as shown in Fig. 6(b). The increase in the number and diameter of the micropores
increases the hydrophilicity of the plastic matrix, allowing the copper ions and hypophosphite ions in the activation
solution to adsorb on the surface of the substrate while providing a place for the laser activation reaction to proceed. Fig.
6(c) shows the SEM morphology of the surface after activation of the matrix. It can be seen from the comparison of the
surface morphology after roughening that the surface of the substrate has a network structure composed of a large
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number of particles, and the local area is attached with cell-like particles and evenly distributed.
Figure 6. Surface topography before plating
2.4 EDS analysis of substrate surface before and after plating
In order to verify that the particles adhering to the surface after activation of the matrix were copper, the energy
spectrum analysis was performed on the surface of the substrate after activation and after plating for 1 min, as shown in
FIG. The main peak in Fig. 7(a) is the C peak due to the high carbon content on the surface of the substrate. There are
two reasons for the appearance of the Cu peak P peak:
Figure 7. Energy spectrum analysis after activation and plating
First, there is an activation solution remaining on the surface of the substrate; secondly, a catalyst-free electroless
copper plating reaction occurs in the region where the laser spot is located, and the copper ions in the activation layer
are reduced to the simple substance of copper by the hypophosphorus ion under the action of the laser thermal effect,
and at the same time, there is phosphorus. generate. In order to verify the cause of the Cu element, the surface spectrum
of the substrate was analyzed 1 min after plating.
After 1 min of plating, the surface energy spectrum of the substrate is shown in Fig. 7(b). After plating, the main
peak in the spectrum is Cu peak, the atomic fraction of C is decreased, and the atomic fraction of Cu rises from
6.46% before plating to 15.41%, indicating that the surface of the substrate has begun to grow with copper, and some of
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the matrix It has been covered and the electroless copper plating reaction is underway. At this time, only the copper
can be catalyzed by the surface of the substrate for the electroless copper plating reaction, thereby demonstrating that
the cell-like particles generated on the surface after the activation of the matrix are copper particles, and the copper
particles have a significant catalytic effect on the electroless copper plating. The presence of O and Mn elements may be
due to Mn0 remaining on the surface of the substrate after a small amount of copper is oxidized or roughened: and
hydrophilic oxygen-containing groups.
Figure 8. Topography of different plating time
2.5 Different plating time coating morphology
Electrolytic copper plating was performed on the activated substrate, and the growth of the plating layer after
plating for 1 min, 3 min, 5 min and 30 min was observed, as shown in Fig. 8. It can be seen from Fig. 8 that after 1 min
of plating, the cell surface structure of the substrate is significantly increased, because the electroless copper plating
reaction is first performed on the surface of the catalytic core copper particles. After plating for 3 minutes, the cell
structure continued to grow and began to form a cross between each other. After plating for 5 min, the coating began to
form a covering on the substrate. After plating for 30 minutes, it can be seen that the coating is compact, uniform and
dense. The rapid growth of the coating indicates that the copper particles generated by laser activation have a strong
catalytic effect on the electroless copper plating reaction, and the coating layer can cover the surface of the substrate in
a short time.
2.6 Plating bond
The substrate (size 11 cm × 8 cm × 0.2 cm) was activated by an optimal activation process with an activation area
of (6 × 6) cm 2 . Electroless copper plating is performed on the substrate, and plating adhesion is detected. Figure 9
shows the coating and its cross-sectional morphology after the bonding test. As can be seen from Figure 9, the coating
has no peeling, wrinkling, etc., and the coating is tightly bonded to the substrate, indicating that the coating has
good bonding.
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Figure 9: Surface and cross-section of the coating after bonding detection
3. Conclusion
Through the observation and combination detection of the microstructure of the coating, the laser activation
process is simple and feasible. The specific process parameters are as follows: the ratio of the activation liquid is
ρ(CuSO4): ρ(NaH2PO2)=1:3, the spot diameter is 2 mm, and the scanning rate is 2.2 mm/s.
The energy spectrum analysis shows that the reaction product of the activation layer under the action of laser is
copper particles, which has a strong catalytic effect on the electroless copper plating reaction.
The laser activation process is simple in operation, low in cost, and free from pollution. By controlling the laser
scanning path, various complex shapes of plating can be formed on the surface of the plastic substrate, which can
replace the conventional palladium activation method to some extent.
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